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157] . ABSTRACT

A direct-contact type 1mage sensor device according to the
present invention includes: a light-transmitting substrate
having an upper surface and a lower surface; a patterned
conductor layer formed over the upper surface of the light-
transmitiing subsirate; a transparent eiectrically conductive
layer formed on the lower surface of the light-transmitting

- substrate; an 1mage sensor chip mounted face-down on the

upper surface of the light-transmitting substrate, with an
insulating resin layer being interposed between the image
sensor chip and the upper surface of the light-transmitting
substrate, the image sensor chip being mounted by a flip-
chip-bonding method, a light-interrupting layer provided
between the patterned conductor layer and the upper surface
of the light-transmitting substrate; and a light-interrupting
portion for interrupting a portion of a light beam, the light
beam being radiated on an original through the light-trans-
mitting substrate by a light source disposed above the
light-transmitting substrate. The 1mage sensor chip and the

light-interrupting portion serve as an optical throttle for the
light beam.

71 Claims, S Drawing Sheets
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DIRECT-CONTACT TYPE IMAGE SENSOR
DEVICE, AN IMAGE SENSOR UNIT, AND
METHODS FOR PRODUCING THE SAME

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an image sensor device
which comes in contact with an image to be read and
converts optical image information into electric signals, and
an image sensor unit in which the image sensor device 18
used, as well as methods for producing the same. More
specifically, the present invention relates to a direct-contact
type image sensor device that can be suitably used in a
facsimile, an image reader, etc., which image sensor device
comes in complete contact with an original to be read so as
to read image information in a vertical direction with respect
to a direction in which the original is conveyed, and an
image sensor unit in which the image sensor device is used,
as well as methods for producing the same.

2. Description of the Related Art

As image sensors which convert one-dimensional image
information into electric signals, there have been realized
reduction-type 1mage sensors including a one-dimensional
CCD (Charge Coupled Device), one-dimensional image
sensors including a long-size sensor which conducts neither
magnification nor reduction, and the like. Such conventional
image sensors have been put on the market. A one-dimen-
sional 1mage sensor including a long-size sensor has such
excellent features as high utilization efficiency of light,
high-speed reading, and the small size of whole optical
system. Such an image sensor is categorized into a contact
type image sensor, which includes an array of convergence-
type lot lenses, and a direct-contact type image sensor,
which includes no optical lenses. The direct-contact type
image sensor can be fabricated at low cost, since no array of
convergence-type lot lenses 1s required therein. Moreover,

the direct-contact type image sensor can casily be realized in
a small size.

FIG. 8 shows a conventional direct-contact type image
sensor device. As is shown in FIG. 8, the image sensor
device includes a light-transmitting substrate 61 on which a
circuit conductor layer 62 is formed. An image sensor chip
63 is mounted face-down on, by way of a transparent
insulating resin layer the upper surface of the light-trans-
mitting substrate 61. A flip-chip-bonding method is used in
mounting the image sensor chip 63. On the lower surface of
the light-transmitting substrate 61, a transparent electrically
conductive layer 68 is formed. A transparent protection layer
66 is formed over the light-transmitting substrate 61 so as to
cover the image sensor chip 63. The image sensor chip 63
includes a light-sensitive element array 67 and electrodes
64, which are 1n contact with the circuit conductor layer 62.
A light source 70 radiates a light beam on an original 71
through the transparent insulating resin layer 635, the light-
transmitting substrate 61, and the transparent conductive
layer respectively, (In the present specification, the term
“oniginal” refers to any material on which optical informa-
tion is carried. The optical information may be written,
printed, painted, copied, etc. on the original.) The light beam
is refiected from the original 71 so as to be received by the
light-sensitive element array 67 by way of the transparent
conductive layer 68, the light-transmitting substrate 81, and
the transparent insulating resin layer 65.

Each of the transparent insulating resin layer 65, the
light-transmitting substrate 81, and the transparent conduc-

10

15

20

23

30

35

40

45

50

35

60

65

2

tive layer 68 must have ¢ certain thickness in order that the
image sensor device has sufficient physical strength. How-
ever, there is a problem that optical crosstalk occurs within
the light-transmitting substrate 61 as well as other places
when the thicknesses of the transparent insulating resin layer
65, The light-transmitting substrate 61, and the transparent
conductive layer 68 are increased, since the distance
between the light-sensitive element array 67 and the original
71 is increased. Such optical crosstalk decreases the MTF
(Modulation Transfer Function) value and/or the resolution
of the 1mage sensor device.

FIG. 9 shows a conventional direct-contact type image
sensor device obtained by further providing a light-inter-
rupting layer 60 for the image sensor device shown in FIG.
8. The light-interrupting layer 60 is formed on the upper
surface of a light-transmitting substrate 61. The light-inter-
rupting layer 60 partially interrupts a light beam which is
emitted from a light source 70 disposed obliquely above the
light-transmitting substrate 61 and 1s radiated on an original
71 through a transparent protection layer 66, a transparent
insulating resin layer 65, and the light-transmitting substrate
61. By providing the light-interrupting layer 60, an unnec-
essary portion of light entering from above is interrupted. As
a result, flares and crosstalk can be reduced.

SUMMARY OF THE INVENTION

A direct-contact type image sensor device according to
the present invention comprises: a light-transmitting sub-
strate having an upper surface and a lower surface; a
patterned conductor layer formed over the upper surface of
the light-transmitting substrate; a transparent electrically
conductive layer formed on the lower surface of the light-
transmitting substrate; and an image sensor chip mounted
face-down on the upper surface of the light-transmitting

substrate, with an insulating resin layer being interposed
between the 1mage sensor chip and the upper surface of the

light-transmitting substrate, the image sensor chip being
mounted by a flip-chip-bonding method, the image sensor
device further comprising: a light-interrupting layer pro-
vided between the patterned conductor layer and the upper
surface of the light-transmitting substrate; and a light-
interrupting portion for interrupting a portion of a light
beam, the light beam being radiated on an original through
the light-transmitting substrate by a light source disposed
above the light-transmitting substrate, the 1mage sensor chip
and the light-interrupting portion serving as an optical
throttle for the light beam.

In one embodiment of the invention, a region where the
light-interrupting portion is formed 1s shifted from, along the
upper surface of the light-iransmitting subsirate, a region
directly under the image sensor chip, thereby forming a first
slit for transmitting a portion of the light beam.

In another embodiment of the invention, the image sensor
device further comprises a second conductor layer between
the lower surface of the light-transmitting substrate and the
transparent electrically conductive layer, the second conduc-
tor layer having a second light-interrupting portion for
interrupting a portion of the light beam.

In still another embodiment of the invention, a region
where the second light-interrupting portion of the second
conductor layer is formed is shifted from, along the lower
surface of the light-transmitting substrate, e region directly
under the image sensor chip, thereby forming a second slit
for transmitting a portion of the light beam.

In still another embodiment of the invention, the second
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light-interrupting portion of the second conductor layer is
electrically connected to a potential source having a prede-
termined potential.

In still another embodiment of the invention, the prede-
termined potential is that of the ground level.

In still another embodiment of the invention, the second
conductor layer includes a second circuit portion, the second
circuit portion and the circuit portion of the conductor layer
being electrically interconnected by a through hole.

In still another embodiment of the invention, the image
sensor device further comprises a transparent protection
layer formed on the upper surface of the light-transmitting
substrate, the transparent protection layer covering the
1image sensor chip.

Alternatively, a direct-contact type image sensor device
according to the present invention comprises: a light-trans-
mitting substrate having an upper surface and a lower
surface; a patterned conductor layer formed on the upper
surtface of the light-transmit ting substrate; a transparent
electrically conductive layer formed on the lower surface of
the light-transmitting substrate; and an image sensor chip
mounted face-down on the upper surface of the light-
transmitting substrate, with an insulating resin layer being
interposed between the image sensor chip and the upper
surface of the light-transmitting substrate, the image sensor
chip being mounted by a flip-chip-bonding method, wherein
the patterned conductor layer includes a circuit portion
electrically connected to the image sensor chip and a light-
interrupting portion for interrupting a portion of a light
beam, the light beam being radiated on an original through
the light-transmitting substrate by a light source disposed
above the light-transmitting substrate, the image sensor chip
and the light-interrupting portion serving as an optical
throttle for the light beam.

In one embodiment of the, invention, a region where the
light-interrupting portion of the conductor layer is formed is
shifted from, along the upper surface of the light-transmit-
ting substrate, e region directly under the image sensor chip,
thereby forming a first slit for transmitting a portion of the
light beam.

In another embodiment of the invention, the image sensor
device further comprises a patterned second conductor layer
between the lower surface of the light-transmitting substrate
and the transparent electrically conductive layer, the second
conductor layer having a second light-interrupting portion
for interrupting a portion of the light beam.

In still another embodiment of the invention, a region
where the second light-interrupting portion of the second
conductor layer 1s formed is shifted from, along the lower
surface of the light-transmitting substrate, a region directly
under the image sensor chip, thereby forming a second slit
for transmitting a portion of the light beam.

In still another embodiment of the invention, the second
light-interrupting portion of the second conductor layer is
electrically connected to a potential source having a prede-
termined potential.

In still another embodiment of the invention, the prede-
termined potential 1s that of the ground level.

In still another embodiment of the invention, the second
conductor layer includes a second circuit portion, the second
circuit portion and the circuit portion of the conductor layer
being electrically interconnected by a through hole.

In still another embodiment of the invention, the image
sensor device further comprises a transparent protection
layer formed on the upper surface of the light-transmitting
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substrate, the transparent protection layer covering the
image sensor chip.

In still another embodiment of the invention, a reinforce-
ment plate is provided on the upper surface of the light-
transmitting substrate.

In still another embodiment of the invention, the rein-
forcement plate has an opening, the image sensor chip and
the first slit being provided in the opening.

In still another embodiment of the invention, a transparernt
protection layer for covering the image sensor chip is
provided in the opening of the reinforcement plate.

In still another embodiment of the invention, the rein-
forcement plate 1s a printed wiring board made of glass
epoxy having a thickness of 50 um or more having elec-
trodes for a dnving circuit.

In skill another embodiment of the invention, the rein-
forcement plate is a substrate made of glass or plastic having
a thickness of 50 um or more, the substrate having a color
capable of interrupting light.

In still another embodiment of the invention, the elec-
trodes of the printed wiring board and the conductor layer
formed on the upper surface of the light-transmitting sub-
strate are electrically interconnected with solder.

An 1mage sensor unit according to the present invention
comprises: a direct-contact type image sensor device includ-
ing a hight-transmitting substrate having an upper surface
and a lower surface, a patterned conductor layer formed on
the upper surface of the light-transmitting substrate, a trans-
parent electrically conductive layer formed on the lower
surface of the light-transmitting substrate, and an image
sensor chip mounted face-down on the upper surface of the
light-transmitting substrate, with an insulating resin layer
being interposed between the image sensor chip and the
upper surface of the light-transmitting substrate, the image
sensor chip being mounted by a flip-chip-bonding method,;
and a light source for irradiating an original through and
from above the light-transmitting substrate, wherein the
patterned conductor layer includes a circuit portion electri-
cally connected to the image sensor chip and a light-
interrupting portion for interrupting a portion of a light be
radiated by the light source, the image sensor chip and the
light-interrupting portion serving as an optical throttle for
the light beam.

In one embodiment of the invention, a region where the
hght-interrupting portion of the conductor layer is formed is
shifted from, along the upper surface of the light-transmit-
ting substrate, a region directly under the image sensor chief,
thereby forming a first slit for transmitting a portion of the
light beam, and the light source 1s so disposed that the light
beam emitted thereby is incident to the first slit at an incident
angle in the range of 0° to 30°.

In another embodiment of the invention, the image sensor
unit further comprises a patterned second conductor layer
between the lower surface of the light-transmitting substrate
and the transparent electrically conductive layer, the second
conductor layer having a second light-interrupting portion
for interrupting a portion of the light beam.

In still another embodiment of the invention, a region
where the second light-interrupting portion of the second
conductor layer 1s formed is shifted from, along the lower
surface of the light-transmitting substrate, a region directly
under the image sensor chip, thereby forming a second slit
for transmitting a portion of the light beam.

In still another embodiment of the invention, the second
light-interrupting portion of the second conductor layer is
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electrically compacted to the ground level.

In still another embodiment of the invention, the second
conductor layer includes a second circuit portion, the second
circuit portion and the circuit portion of the conductor layer
being electrically interconnected by a through hole.

In still another embodiment of the invention, the 1mage
sensor unit further comprises a transparent protection layer
for covering the image sensor chip formed on the upper
surface of the light-transmitting substrate.

In still another embodiment of the invention, a reinforce-
ment plate is provided on the upper surface of the light-
transmitting substrate.

In still another embodiment of the invention, the rein-
forcement plate has an opening, the image sensor chip and
the first slit being provided in the opening.

In still another embodiment of the invention, a transparent
protection layer for covering the image sensor chip 1s
provided 1n the opening of the reinforcement plate.

A method for producing a direct-contact type image
sensor device according to the present invention Comprises:
a light-transmitting substrate having an upper surface and a
lower surface; a conductor layer formed on the upper surface
of the light-transmitting substrate; a transparent electrically
conductive layer formed on the lower surface of the light-
transmitting substrate; and an image sensor chip mounted
face-down on the upper surface of the light-transmitting
substrate, with an insulating resin layer being interposed
between the image sensor chip and the upper surface of the
light-transmitting substrate, the image sensor chip being
mounied by a Hip-chip-bonding method, and the conductor
layer including a circuit portion electrically connected to the
image sensor chip and a light-interrupting portion for inter-
rupting a portion of a light beam, the light beam being
radiated on an original through the light-transmitting sub-
strate by a light source disposed above the light-transmitting
substrate, the method including: a step for depositing the
conductor layer on the upper surface of the hght-transmit-
ting substrate; and a step for patterning the conductor layer
by a photolithography method so as to form the circuit
portion and the light-interrupting portion by use of the same
mask.

A method for producing a direct-contact type image
sensor device according to the present invention comprises:
a light-transmitting substrate having an upper surface and a
lower surface; a first conductor layer formed on the upper
surface of the light-transmitting substrate; a second conduc-
tor layer formed on the lower surface of the light-transmit-
ting substrate; a transparent electrically conductive layer
formed on the second conductor layer; and an image sensor
chip mounted tface-down on the upper surface ot the light-
transmitting substrate, with an insulating resin layer being
interposed between the image sensor chip and the upper
surface of the light-transmitting substrate, the image sensor
chip being mounted by a fiip-chip-bonding method, the first
conductor layer including a circuit portion electrically con-
nected to the image sensor chip and a light-interrupting
portion for interrupting a portion of a light beam, the light
beam being radiated on an original through the light-trans-
mitting substrate by a light source disposed above the
light-transmitting substrate, and the second conductor layer
including a second circuit portion and a second light-
interrupting portion for interrupting a portion of the light
beam, the method including: a step for depositing the first
“conductor layer on the upper surface of the light-transmit-
ting substrate; a step for patterning the first conductor layer
by a photolithography method so as to form the first circuit
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portion and the first light-interrupting portion by use of the
same mack; a step for depositing the second conductor layer
on the lower surface of the light-transmitting substrate; and
a step for patterming the second conductor layer by a
photolithography method so as to form the second circuit
portion and the second light-interrupting portion by use of
the same mask.

In one embodiment of the invention, the method further
includes a step for forming a through hole for electrically
interconnecting the first circuit portion and the second
circuit portion.

In another embodiment of the invention, the method
further includes: a step for applying an adhesive on a
predetermined portion of the light-transmitting substrate; a
step for placing a reinforcement plate having an opening
onto the adhesive, the opening including an aperture dis-
posed above a region where the image sensor chip is
mounted and an aperture for transmitting a light beam
emitted by a light source disposed above the light-transmit-
ting substrate; a step for attaching the upper surface of the
light-transmitting substrate to the reinforcement plate by
applying pressure thereon, without allowing the reinforce-
ment plate to be tilted in any way; a step for applying
transparent resin to the inside of the opening of the rein-
forcement plate, the-transparent resin covering the image
sensor chip; and a step for curing the transparent resin into
a transparent protection layer for giving protection to the
image Sensor.

In still another embodiment of the invention, the image
sensor chip includes electrodes each having a metal bump
formed thereon.

In still another embodiment of the invention, the metal
bumps are made of Au.

In still another embodiment of the invention, the metal
bumps are made of solder.

In still another embodiment of the invention, a plated
metal layer made of solder is formed on the conductor layer
formed on the upper surface of the light-transmitting sub-
strate.

Thus, the invention described herein makes possible the
advantages of (1) providing an image sensor device in
which, by incorporation of one or two slits, optical crosstalk
and optical noises occurring due to an unnecessary portion
of reflected light are reduced, improving the resolution of the
image sensor device, (2) providing an image sensor unit in
which such an image sensor device is used, and (3) methods
for producing such an image sensor device and an image
SEnsor unit.

These and other advantages of the present invention will
become apparent to those skilled in the art upon reading and
understanding the following detailed description with refer-
ence to the accompanying figures.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 115 a view showing a front cross section of an image
sensor unit according to a first example of the present
invention.

FIG. 2 1s a view showing a first slit and a second slit of

an image sensor device according to a first example of the
present invention.

FIG. 3 1s a view showing a front cross section of an image

sensor unit according to a second example of the present
invention.

F1G. 4 is a view showing a first slit and a second slit of
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an image sensor device according to a second example of the
present invention.

FIG. 5A is a view showing a front cross section of an
image sensor urnit according to a third example of the present
invention. S

FIG. 5B i1s a view showing a front cross section of an
image sensor unit according to a third example of the present
invention.

FIG. 6 is a plan view showing a circuit portion of a first
conductor layer and a second conductor layer of an image
sensor device according to the present invention.

FIG. 7 1s a plan view showing a reinforcement plate in an
image sensor device according to the present invention.

FIG. 8 is a view showing a front cross section of a 15
conventional image sensor unit.

FIG. 9 is a view showing a front cross section of a
conventional image sensor unit.

10

DESCRIPTION OF THE PREFERRED 20
EMBODIMENTS

Hereinafter, the present invention will be described by
way of examples, with reference to the accompanying
dl'&WiI'lgS. 25

EXAMPLE 1

FIG. 1 shows a direct-contact type image sensor device
according to the present invention, in which a transparent
film substrate 1 is used. On the upper surface of the
transparent film substrate 1, a light-interrupting layer 51 and
a light-interrupting portion S0 are provided. On the light-
interrupting layer 81, a patterned circuit conductor layer 52
is formed. Under the transparent film substrate 1, a trans-
parent electrically conductive film 11 is formed. An image
sensor chip 3 is mounted face-down on the upper surface of
the transparent film substrate 1 by a flip-chip-bonding
method, with a transparent insulating resin layer 5 inter-
posed therebetween. The transparent insulating resin layer 5
may be formed of a photocurable resin or a photo-thermal
cross-linkable insulating resin.

Electrodes 4 and a light-sensitive element array 7 are
provided on the image sensor chip 3. A metal bump 14 of Au
1s provided on each electrode 4. However, the metal bumps
14 are not essential components of the present invention.
The circuit conductor layer 52 is electrically connected to
the electrodes 4 by way of the metal bumps 14.

A region where the light-interrupting portion 50 is formed
will be described with reference to FIG. 2. As is shown in 5,
FIG. 2, the region is, on the upper surface of the transparent
film substrate 1, spaced by a distance in the range of 0.1 to
0.7 mm from an end of the image sensor chip 3 in the
vicinity of which the light-sensitive element array 7 is
formed. Thus, a first slit 16 for transmitting a portion of a s
light beam emitted by a light source 20 is formed. Under-
neath the light-sensitive element array 7, an opening 12 for
transmitting light reflected by an original 21 is formed. In
regions where the opening 12 and the first slit 16 are not
formed, the light-interrupting layer S1 and the light-inter- ¢
rupting portion 50 are formed.

As 1s shown in FIG. 1, the light-interrupting portion 50
partially interrupts a light beam which is emitted from the
light source 20 disposed above the transparent film substrate
1 and is radiated on the original 21 through the transparent 65
film substrate 1. The image sensor chip 3 and the light-
interrupting portion 50 work together as an optical throttle
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(1.e. an equivalent of a diaphragm of a camera, etc.) for the
light beam. A transparent protection layer 6 is formed over
the transparent film substrate 1 so as to cover the image
sensor chip 3.

Between the lower surface of the transparent film sub-
strate 1 and the transparent conductive film 11, a second
conductor layer is further provided. The second conductor
layer includes e conductor portion 8 and a second light-
interrupting portion 9. As is shown in FIG. 2, the region
where the second light-interrupting portion 9 is formed is
shifted from a region directly under the image sensor chip 3.
More specifically, the second light-interrupting portion 9 is,
on the lower surface of the transparent film substrate 1,
spaced by a distance in the range of 0.05 to 0.5 mm from an
end of the image sensor chip 3 in the vicinity of which the
light-sensitive element array 7 is formed. Thus, a second slit
15 for transmitting a portion of a light beam emitted by a
light source 20 is formed. An opening 13 for transmitting
light reflected by the original 21 is formed underneath the
light-sensitive element array 7. In regions where the opening
13 and the second slit 15 are not formed, the second
light-interrupting portion 9 and the conductor portion 8 are
formed.

The second conductor layer may be made of a black or
brown electrically conductive material formed to a thickness
in the range of 5 to 30 um. The conductor portion 8 may be
used as a conductive light-interrupting layer. The second
conductor layer may be an electrically conductive film
formed of a phenol type or urethane acrylate type resin, etc.
in which electrically conductive particles of carbon black,
indium oxide, tin oxide, or the like are mixed. The sheet

resistance of such an electrically conductive film should be
10°Q/7 or less.

The conductor layer 8 may be formed as a second circuit
portion by patterning the second conductor layer. In cases
where a second circuit portion 8 is formed, a through hole
for electrically interconnecting the circuit conductor layer 52
(formed on the upper surface of the transparent film sub-
strate 1) and the second circuit portion 8 (formed on the
lower surface of the transparent film substrate 1) may be
provided, thus forming wirings on both surfaces of the
transparent film substrate 1.

The transparent conductive film 11, which is slightly
electrically conductive, is formed in the entire area of the
lower surface of the transparent film substrate 1. It is
possible to improve the electrostatic resistance of the device
by connecting the second light-interrupting portion 9 of the
second conductive layer to the ground level.

The light source 20 is an LED (Light Emitting Diode)
array radiating a light beam on the original 21 from above
the 1mage sensor device. The light beam goes through the
first slit 16 and the second slit 15 so as to be incident to a
lowermost face of the image sensor device (i.e. the face that
comes 1n contact with the original 21) at an incident angle
in the range of 0° to 30°, as is shown in FIG. 1. Thus, the
light beam, reflected by the original 21, is led to the
light-sensitive element array 7 of the image sensor chip 3.

The light beam radiated by the light source 20 should have
an incident angle 17 in the range of 0° to 30° with respect
to the vertical axis of the image sensor chip 3. More
specifically, the light beam may tilt from directly above the
image sensor chip 3 by an angle in the range of 0° (, when
the light beam is directly above the image sensor chip 3,) to
30° in the direction in which the original is conveyed
(defined as the “sub-scanning direction”).

The first light-interrupting portion 50 interrupts an unnec-
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essary portion of light entering from above the first slit 16.
As a result, flares and crosstalk can be minimized. The
second slit 15 not only controls the light beam radiated on
the original 21, but also controls light refiected by the
original 21 and entering the light-sensitive element array 7.
Since the second light-interrupting portion 9 interrupts the
unnecessary portion of the light refiected by the original 21,
optical crosstalk can be prevented. The second light-inter-
rupting portion 9 interrupts the unnecessary portion of the
light reflected by the original 21 more efficiently than the
first light-interrupting portion 30, since the second light-
interrupting portion 9 is disposed closer to the original 21
than the first light-interrupting portion 50. Furthermore, the
first light-interrupting portion 50 also prevents light reflected
by places other than the original 21, such as the surface of
the second light-interrupting portion 9, from reaching the
light-sensitive element array 7. As has been described, by
providing two light-interrupting portions, namely the first
light-interrupting portion 30 and the second light-interrupt-
ing portion 9, the unnecessary portion of light is interrupted
more effectively than in cases where only one light-inter-
rupting portion is provided. As a result, optical noises can be
reduced, whereby the signal to noise ratio and resolution of
the device are improved.

The original 21 is conveyed to a reading site of a reading
portion of the image sensor device by means of an electri-
cally conductive roller 22. The electrically conductive roller
at 1s formed of electrically conductive rubber obtained by
imparting electrical conductivity to an elastomer substrate of
polyurethane, silicon rubber, or the like, by adding carbon
black, acetylene black, zinc oxide, tin oxide, or the like
thereto. The sheet resistance of such electrically conductive
rubber should preferably be 10°€¥/(7 or less. Static electric
charges occurring due to the original 21 rubbing against
various portions of the device, etc. can be reduced by
connecting the roller 22 and metallic portions of the device
to the ground level. As a result, optical noises can be
reduced.

EXAMPLE 2

Hereinafter, an image sensor device and an image Sensor

unit according to a second example of the present invention
will be described.

FI1G. 3 shows a direct-contact type image sensor device in
which a transparent film substrate 1 is used. Components of
the image sensor device which also appear in The image
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sensor device of the first example are assigned with The

same reference numerals as those in the first example.

On the upper surface of the transparent film substrate 1,
a conductor layer is formed. By patterning the conductor
layer, a circuit portion 2 and a light-interrupting portion 10
are formed. Under the transparent film substrate 1, a trans-
parent electrically conductive fiim 11 1s formed. An image
sensor chip 3 is mounted face-down on the upper surface of
the transparent film substrate 1 by a flip-chip-bonding
method, with a transparent insulating resin layer § inter-
posed therebetween. The transparent insulating resin layer S
may be formed of a photo-curable resin or a photo-thermal
cross-linkable insulating resin. A transparent protection
layer 6 is formed over the transparent film substrate 1 so as
to cover the image sensor chip 3.

Electrodes 4 and a light-sensitive element array 7 are
provided on the image sensor chip 3. A metal bump 14 of Au
is provided on each electrode 4. However, the metal bumps
14 are not essential components of the present invention.
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The circuit portion 2 is electrically connected to the elec-
trodes 4 by way of the metal bumps 14.

The light-interrupting portion 10 partially interrupts a
light beam which is emitted from a light source 20 disposed
above the transparent film substrate 1 and is radiated on an
original 21 through the transparent film substrate 1. The
image sensor chip 3 and the light-interrupting portion 10
work together as an optical throttle for the light beam.

A region where the light-interrupting portion 10 is formed
will be described with reference to FIG. 4. As 1s shown in
FIG. 4, the region where the light-interrupting portion 10 is
formed 1s shifted from a region directly under the image
sensor chip 3. More specifically, the region is, on the upper
surface of the transparent film substrate 1, spaced by a
distance in the range of 0.1 to 0.7 mm {rom an end of the
image sensor chip 3 in the vicinity of which the light-
sensitive element array 7 is formed. Thus, a first slit 16 for
transmitting a portion of a light beam emitted by the light
source 20 is formed. An opening 12 for transmitting light
reflected by the original 21 is formed underneath the light-
sensitive element array 7. In regions where the opening 12
and the first slit 16 are not formed, the conductor layer
having the light-interrupting portton 10 and the circuit
portion 2 is formed.

As 1s shown in FIG. 3, between the lower surface of the
transparent film subsirate 1 and the transparent conductive
film 11, a second conductor iayer formed by patterning 1s
further provided. The second conductor layer includes a
second light-interrupting portion 9. As i1s shown 1n FIG. 4,
the region where the second light-interrupting portion 9 is .
formed is shifted from a region directly under the image
sensor chip 3. More specifically, the second light-interrupt-
ing portion 9 1s, on the lower surface of the transparent film

- substrate 1, spaced by a distance in the range of 0.05 to 0.5

from an end of the image sensor chip 3 in the vicinity
of which the light-sensitive element array 7 1s formed. Thus,
a second slit 15 for transmitting a portion of a light beam
emitted by a light source 20 is formed. An opening 13 for
transmitting light reflected by the original 21 is formed
undermeath the light-sensitive element array 7. In regions
where the opening 13 and the second slit 15 are not formed,
the second conductor layer having the second light-inter-
rupting portion 9 is formed.

As in the first example of the present invention, a second
circuit portion 8 may be formed during the patterning
process of the second conductor layer. In cases where a
second circuit portion 8 1s formed, a through hole for
electrically interconnecting the circuit portion 2 (of the
conductor layer formed on the upper surface of the trans-
parent film substrate 1) and the second circuit portion 8 (of
the second conductor layer formed on the lower surface of
The transparent film substrate 1) may be provided thus
forming wirings on both surfaces of The transparent film
substrate 1. FIG. 6 shows a circuit conductor layer in cases
where wirings are provided on both surfaces of the {rans-
parent film substrate 1. The light-interrupting portion 10 and

the second light-interrupting portion 9 are not shown in FIG.
6.

The transparent conductive film 11, which is slightly
electrically conductive, 1s formed on the entire area of the
lower surface of the transparent film substrate 1. It 1s
possible to improve the eleclotrostatic resistance of the
device by connecting the second light-interrupting portion 9
of the second conductive layer to the ground level.

As in the first example of the present invention, t he light
source 20 1s composed of an LED (Light Emitting Diode)
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array radiating a light beam on the original 21 from above
the 1image sensor device. Also as in the first example, The
light beam goes through the first slit 16 and the second slit
15 so as to be incident to the lowermost face of the image
sensor device (1.e. the face that comes in contact with the

original 21) at an incident angle in the range of 0° to 30°.
Thus, the light beam, reflected by the original 21, is led to
the light-sensitive element array 7 of the image sensor chip
3.

The first light-interrupting portion 10 interrupts an unnec-
essary portion of light entering from above the first slit 16.
As a result, flares and crosstalk can be minimized. The
second slit 15 not only controls a light beam radiated on the
original 21, but also controls light refiected by the original
21 and entering the light-sensitive element array 7. Since the
second light-interrupting portion 9 interrupts the unneces-
sary portion of the light reflected by the original 21, optical
crosstalk can be prevented.

The second light-interrupting portion 9 interrupts the
unnecessary portion of the light reflected by the original 21
more efficiently than first light-interrupting portion 10, since
the second light-interrupting portion 9 is disposed closer to
the original 21 then the first light-interrupting portion 10.
Furthermore, the light-interrupting portion 10 also prevents
light reflected by places other than the original 21, such as
the surface of the second light-interrupting portion 9, from
reaching the light-sensitive element array 7. As has been
described, by providing two light-interrupting portions,
namely the first light-interrupting portion 10 and the second
light-Interrupting portion 9, the unnecessary portion of light
1s interrupted more effectively than in cases where only one
light-interrupting portion i1s provided. As a result, optical
noises can be reduced, whereby the signal to noise ratio and
resolution of the device are improved.

Referring back to the first example of the present inven-
tion, the light-interrupting layer 51 and the light-interrupting
portion 50 therein are formed by printing. Therefore,
depending on the accuracy of printing, the width of the first
slit 16 may have variations. If the width of the first slit 16
becomes larger than the range predetermined therefor, an
additional portion of light is transmitted therethrough. As a
result, optical noises may disadvantageously occur, lowering
the MTF value and/or resolution of the device.

In the present example, therefore, the first light-interrupt-
ing portion 10 and the first circuit portion 2 are formed by
patterning the same conductor layer (which is disposed on
the upper surface of the transparent film substrate 1), using
the same mask. As a result, the light-interrupting portion 10
can be positioned accurately in a predetermined location
with respect to the circuit portion 2. The configuration of the
light-interrupting portion 10 can also be formed accurately.
As a result, the slit 16 can be formed with an accurate
configuration, minimizing the above-mentioned problem
occurring due to variations in the width of the slit 16. It is
important to accurately form the slits 16 and 15 in order to
control the amount of light to be transmitted therethrough,
and thereby to control the sensitivity of the image sensor
device.

Hereinafter, a method for producing an image sensor unit
according to the present invention will be described.

First, the image sensor chip 3 is fabricated in the follow-
ing manner: By a common semiconductor-fabricating pro-
cess, the light-sensitive element array 7 composed of pho-
totransistors, photodiodes, etc. and an access circuif (not
shown) including CCDs, MOS (Metal Oxide Semiconduc-

tor)—ICs (Integrated Circuits), or bipolar ICs are formed on

10

135

20

25

30

35

40

45

30

35

60

65

12

a single-crystal silicon substrate (silicon wafer). Upon the
electrodes 4, wires made of Au are wire-bonded so as to
form the metal bumps 14. The metal bumps 14 protrude
from the surface of the silicon wafer by about 10 ym and a

few to 60 um. The metal bumps 14 may altematively be
formed of solder instead of Au wires. The metal bumps can
be formed by an electric plating method or a ball-bonding
method. Then, after confirming that devices on the silicon
wafer operates satisfactorily, the silicon wafer is cut out by
a fine dicing technique so as to form the 1mage sensor chip
3. In the other examples of the present example, the image
sensor chip 3 is fabricated in the same manner as that

described herein.

Next, the image sensor chip 3 is mounted on a light-
transmitting substrate, i.e. the transparent film substrate 1.
The transparent film substrate 1 is made of polyarylate
(PAR), polyethersulfone (PES), polyethylene terephthalate
(PET), polyethylene naphthalate (PEN), or the like. Mate-
rials also applicable to the transparent film substrate 1 are,

for example, polyetherimide (PEI), polycarbonate (PC), and

polyetheretherketone (PEEK). The thickness of the trans-
parent film substrate 1 should be in the range of 10 to 200
LLIT].

A metal such as Cu or Au 1s deposited on the transparent
film substrate 1 to a thickness in the range of 0.5 to 20 um
so as to form the first conductor layer, using a sputtering
method, at vapor deposition method or the like. The first
conductor layer may alternatively be formed of a metal foil
or the like. The second conductor layer is formed on the
lower surface of the transparent film substrate 1 in a similar
Process.

Then, the first conductor layer is patterned by a photoli-
thography method into the circuit portion 2 and the light-
interrupting portion 10. In the patterning process, the open-
ing 12 for leading light into the light-sensitive element array
7 and the first slit 16 are also formed. The light-interrupting
portion 10 is formed in a region which is, on the upper
surface of the transparent film substrate 1, spaced by a
distance in the range of 0.1 to 0.7 mm from a region directly
under an end of the image sensor chip 3 in the vicinity of
which the light-sensitive element array 7 is formed. The
distance in the range of 0.1 to 0.7 mm defines width of the
first slit 16. Then, the second conductor layer is patterned so
as to form the second light-interrupting portion 9. The
opening 13 and the second slit 15 having a width in the range
of 0.05 to 0.5 mm are formed in a similar process.

Portions of the second conductor except the light-inter-
rupting portion 9 can be utilized as a light-interrupting layer,
but may also be patterned to form a second circuit portion 8.
In cases where a second circuit portion 8 is formed, a
through hole for electrically interconnecting the first circuit
portion 2 and the second circuit portion 8 may be provided,
thus forming wirings on both surfaces of the transparent film
substrate 1.

Thereafter, a plated metal layer is formed on the circuit
portion 2 (and the second circuit portion 8). The plated metal
layer should preferably be formed on at least regions of the
circuit portion 2 which abut the electrodes 4 or the metal
bumps 14 of the image sensor chip 3. The plated metal layer
may be formed of solder. However, the plated metal layer is
not an essential component of the present invention.

Then, the transparent insulating resin layer 5 is formed by
applying a predetermined amount of photo-curable or photo-
thermal cross-likable insulating resin to a predetermined
portion of the transparent film substrate 1 by a stamping
method, a screen printing method, etc. Insulating resin of an
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acrylate type, urethane acrylate type, and epoxy acrylate
type is preferable in view of adhesiveness and photosensi-
tivity.

The image sensor chip 3 is disposed face-down on the
insulating resin layer § so that the electrodes 4 (or the metal
bumps 14) abut a predetermined portion of the circuit
portion 2. Then, while the image sensor chip 3 is pressed
against the transparent film substrate 1, the transparent
insulating resin layer § is irradiated with ultra violet rays
through the transparent film substrate 1. In cases where the
insuiating resin layer 5§ is made of photocurable insulating
resin, curing of the insulating resin layer § 1s completed
during the irradiation with ultra violet rays.

In cases where the insulating resin layer S i1s made of
photo-thermal cross-linkable insulating resin, a heat treat-
ment is conducted in an electric furnace at a temperature
higher than the thermal-curing temperature (which generally
1s 100° C. or more) of the insulating resin layer 5 for a
certain amount of time (in the range of 5 to 20 minutes).
Thus, portions of the insulating resin layer 5 which were in
the shade of the circuit portion 2 and therefore uncured are
completely cured.

It is preferable to piece the transparent film substrate 1
with the image sensor chip 3 thereon in an electric furnace
at a temperature higher than the melting point (170° C. to
190° C.) of the plated metal layer so as to conduct a heat
treatment for a certain amount of time (in the range of 5 to
20 minutes). Thus, the electrodes 4 and the circuit portion 2
are firmly interconnected. This heat treatment process can be

conducted simultaneously with the above-mentioned heat
treatment conducted for thermally curing the insulating resin
layer 5.

In order to securely mount the image sensor chip 3, it 1s
preferable to use photo-thermal cross-linkable insulating
resin for the insulating resin layer S and to thermally cure the
insulating resin and to further conduct an adequate heat

treatment so as to melt the plated metal layer, as is described
above.

Thus, mounting of the image sensor chip 3 is completed.

After the mounting of the image sensor chip 3 is com-
pleted, the transparent protection layer 6 is formed by
applying resin of a transparent silicon or transparent acrylate
type on the transparent film substrate 1 by means of a
dispenser or the like, so as to cover the image sensor chip 3
and curing the resin. The transparent protection layer 8
should have a height of 5 mm or less, a refractive index of
1.8 or less, and a pencil hardness in the range of 2H to 8H.

Under the transparent film substrate 1, the transparent
electrically conductive film 11 having electrostatic resis-
tance and friction resistance is formed so as to cover the
whole area of the lower surface of the transparent fil
substrate 1. The transparent electrically conductive film 11 is
formed of a urethane acrylate type resin or the like 1n which
electrically conductive particles of palladium, indium oxide,
tin oxide, or the like are mixed. The transparent electrically
conductive film 11 should have a sheet resistance of 10°Q/C
or less, a pencil hardness in the range of 3H to 9H, and a
thickness in the range of 10 to 30 um.

EXAMPLE 3

FIG. 5A shows a direct-contact type image sensor device
in which a transparent film substrate 1 1s used. The 1mage
sensor device shown in FIG. SA 1s obtained by further
incorporating a reinforcement plate 18 in an image sensor
device similar to that described in the second exampie of the
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present invention. Components of the image sensor device
which also appear in the image sensor device of the second
example are assigned with the same reference numerals as
those in the second example.

It is possible to incorporate a reinforcement plate 18 in the
image sensor device of the first example. FIG. 5B shows an
image sensor device obtained by further incorporating the
reinforcement plate 18 in the image sensor device of the first
example. However, the present example will be described
with reference to FIG. 5A.

The transparent film substrate 1, a conductor layer formed
on the upper surface of the transparent film substrate 1, an
image sensor chip 3, electrodes 4 and a light-sensitive
element array 7 provided on the image sensor chip 3, Au
bumps 14, an insulating resin layer 5, a second conductor
layer formed under the transparent film substrate 1, and the
transparent electrically conductive film 11 are formed simi-
larly to those in the image sensor device of the second
example. The image sensor chip 3 is mounted face-down on
the upper surface of the transparent film substrate 1 by a
flip-chip-bonding method, with the insulating resin layer §
interposed therebetween. The insulating resin layer S is
made of insulating resin of a photo-curable or photo-thermal
cross-linkable 1nsulating resin.

A light-interrupting portion 10, a second light-interrupting
portion 9, a first circuit portion 2, and a second circuit
portion 8 are also formed similarly to those in the image
sensor device of the second example. A first slit 16, an
opening 12, a second slit 135, and another opening 13 are also
formed similarly to those in the image sensor device of the
second example. A light source 20 is disposed in such a way
that a light beam radiated thereby goes through the first slit
16 and the second slit 15 so as to be incident to the
lowermost face of the 1mage sensor device (i.e. the face that
comes in contact with an original 21) at an incident angle in
the range of 0° to 30°.

In the present example, the reinforcement plate 18 having
an opening 1s provided on the upper surface of the trans-
parent film substrate 1. As 1s seen from FIG. 7, the image
sensor chip 3 1s disposed 1n the opening of the reinforcement
plate 18. A light beam emitted by the light source 20 is
radiated on the original 21 through the opening of the
reinforcement plate 18.

The reinforcement plate 18 is attached to the upper
surface of the transparent film substrate 1 by an adhesive 19.
Inside the opening of the reinforcement plate 18, a trans-
parent protection layer 6 for protecting the image sensor
chip 3 is formed. The reinforcement plate 18 is a printed
wiring board having a thickness of 50 pm or more, and also
serves as a driving circuif. On the upper surface of the
printed wiring board, driving circuit elements are mounted,
while electrodes of the driving circuit are formed on the
lower surface of the printed wiring board. The electrodes of
the driving circuit are electrically connected to the second
circuit portion 8 on the transparent film substrate 1. For
example, a plated metal layer may be provided on each
electrode of the driving circuit and the first circuit portion 2;
thus, the electrodes of the driving circuit can be rapidly
soldered to the first circuit portion 2 by means of a pulse-
heat type soldering apparatus or the like.

The reinforcement plate 18 may also be formed of glass,
plastic, or the like having a color capable of interrupting
light, such as black or brown.

By providing the reinforcement plate 18, a portion of the
image sensor device for transmitting light can be formed
thinner. Thus, the distance between the light-sensitive ele-
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ment array 7 and the original 21 can be reduced to 150 um
or less, the distance being defined as the sum total of the
thicknesses of the insulating resin layer S, the transparent
film substrate 1, the first and second conductive layers, and
the transparent conductive film 11.

Hereinafter, a method for producing the image sensor
device of the present invention will be described. The
process for forming conductor layers on the upper and lower
surfaces of the transparent film substrate 1 and patterning the

conductor layers into the light-interrupting portion 10, the
circuit portion 2, and the second light-interrupting portion 9
(and optionally the circuit portion 8) is the same as the
process for forming those in the image sensor device of the
second example.

First, the adhesive 19 is applied on a predetermined
portion of the upper surface of the transparent film substrate
1. The predetermined portion is defined as a portion except:
a region where the image sensor chip 3 is mounted, a light
transmitting portion for a light beam from the light source 20
to the original 21 (i.e. the optical path of the device), and
connecting portions where the circuit portion 2 is to be
soldered to the electrodes of the printed wiring board of the
reinforcement plate 18. After the application of the adhesive
19, the reinforcement plate 18 is placed on the upper surface
of the transparent film substrate 1. By applying pressure, the
reinforcement plate 18 adheres to the upper surface of the
transparent film substrate 1 so as not to be tilted in any way.

Next, the image sensor chip 3 is mounted face-down on
the transparent film substrate 1, with the insulating resin
layer 8 interposed therebetween. The insulating resin layer 5
is cured in the same manner as in the second example of the
present invention.

Furthermore, in order to give protection to the image
sensor chip 3, transparent resin of a transparent silicon type,
a transparent acrylate type, or the like is uniformly applied
to the inside of the opening of the reinforcement plate 18 by
means of a dispenser or the like so as to form the transparent
protection layer 6. The transparent protection layer 6 should
have a height of 2 mm or less, a refractive index of 1.8 or
less, and a pencil hardness in the range of 2H to 8H. Herein,
it must be ensured that, the reinforcement plate 18 adheres
sufficiently to the transparent film substrate 1 so that the
transparent resin (transparent protection layer 6) will not
leak beyond the inside of the opening of the reinforcement
plate 18.

The reinforcement plate 18 may also be incorporated in a
different step in the production steps of the device, for
example, 1n a step after the image sensor chip 3 is mounted.

The direct-contact type image sensor device thus pro-
duced, or an image sensor unit in which the image sensor
device is incorporated, is used in such a way that the
transparent electrically conductive film 11 formed on the
back side (i.e. the lower surface) of transparent film sub-
strate 1 1s in complete contact with the original 21. The light
source 20 composed of an LED array radiates a light beam
on the original 21 through the transparent protection layer 6,
the insulating resin layer §, the transparent film substrate 1,
and the transparent electrically conductive film 11. The light
beam 1s reflected by the original 21 and is led into the
light-sensitive element array 7 thorough the transparent
conductive film 11, the transparent film substrate 1 and the
insulating resin layer 5. Thus, reading of information carried
on the original 21 is conducted.

The light beam emitted by the light source 20 should have
an incident angle 17 in the range of 0° to 30° with respect
to the vertical axis of the image sensor chip 3. More

10

15

20

25

30

35

40

45

50

55

60

65

16

specifically, the light beam may tilt from directly above the
image sensor chip 3 by an angle in the range of 0° (, when
the light beam is directly above the image sensor chip 3,) to
30° in the direction in which the original is conveyed
(defined as the “sub-scanning direction”). An unnecessary
portion of a light beam emitted by the light source is
interrupted mainly by the light-interrupting portion 10, the
first slit 16 controlling the amount of light to be radiated on
the original 21. The unnecessary potion of light refiected by
the original 21 is interrupted mainly by the second light-
interrupting portion 9, the second slit 15 controlling the
amount of light entering the light-sensitive element array 7.
As a result, optical crosstalk and optical noises occurring
due to the unnecessary portion of reflected light is reduced,
proving the resolution of the image sensor device; an
MTF value of 50% (4 lp/mm) was confirmed. Moreover, by
grounding the second light-interrupting portion 9 and the
transparent conductive layer 11 formed on the back side of
the transparent film substrate 1, the electrostatic resistance
and the friction resistance of the image sensor device can be
improved. Furthermore, the total thickness of the image
sensor device can be reduced by incorporating the reinforce-
ment plate further improving the reading performance of the

image sensor device.

- According to the present invention, the circuit portion 2
and the light-interrupting portion 10 are formed by pattern-
ing the same conductor layer. As a result, the first slit 16 can
be accurately positioned and accurately shaped as predeter-
mined. The same applies to the second slit 15. Thus,
variations in the widths of the slits 16 and 15 are minimized,
making it possible to accurately control the amount of light
incident on an original 21. Accordingly, the sensitivity of the -
image sensor device can be made stable. By using the slits
16 and 15 accurately formed as predetermined, the original
21 can be accurately irradiated with a light beam in the width
direction of the original 21 (defined as the “main-scanning
direction”), and light reflected by a portion of the original 21
that is not to be read can be interrupted effectively. As a
result, only the necessary portion of the reflected light is led
into the light-sensitive element array 7.

Moreover, the transmitting efficiency of light of the
direct-contact type image sensor device according to the
present invention is four to five times as high as that of a
conventional direct-contact type image sensor device in
which a lens-oriented system is used. Therefore, the light
source can be composed of an LED array with lower output
pOWer.

Various other modifications will be apparent to and can be
readily made by those skilled in the art without departing
from the scope and spirit of this invention. Accordingly, it is
not intended that the scope of the claims appended hereto be
limited to the description as set forth herein, but rather that
the claims be broadly construed.

What is claimed is:

1. A direct-contact type image sensor device comprising:

a light-transmitting substrate having an upper surface and
a lower surface:

a patterned conductor layer formed over the upper surface
of the light-transmitting substrate;

a transparent electrically conductive layer formed on the
lower surface of the light-transmitting substrate; and

an image sensor chip mounted face-down on the upper
surface of the light-transmitting substrate, with an
insulating resin layer being interposed between the
image sensor chip and the upper surface of the light-
transmitting substrate, the image sensor chip being
mounted by a flip-chip-bonding method,

the image sensor device further comprising:
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a light-interrupting layer provided between the pat-
terned conductor layer and the upper surface of the
light-transmitting substrate; and

a light-interrupting portion for interrupting a portion of
a light beam, the light beam being radiated on an
original through the light-transmitting substrate by a
light source disposed above the light-transmitting
substrate,

the image sensor chip and the light-interrupting portion
serving as an optical throttle for the light beam.

2. An image sensor device according to claim 1, wherein
a region where the light-interrupting portion is formed is
shifted from, along the upper surface of the light-transmit-
ting substrate, a region directly under the image sensor chip,
thereby forming a first slit for transmitting a portion of the
light beam.

3. An image sensor device according to claim 2 further
comprising a second conductor layer between the lower
surface of the light-transmitting substrate and the transparent
electrically conductive layer, the second conductor layer
having a second light-interrupting portion for interrupting a
portion of the light beam.

4. An image sensor device according to claim 3, wherein
a region where the second light-interrupting portion of the
second conductor layer is formed is shifted from, along the
lower surface of the light-transmitting substrate, a region
directly under the image sensor chip, thereby forming a
second slit for transmitting a portion of the light beam.

5. An image sensor device according to claim 4, wherein
the second light-interrupting portion of the second conductor

5

10

15

20

23

30

layer is electrically connected to a potential source having a

predetermined potential.

6. An image sensor device according to claim S, wherein
the predetermined potential is that of the ground level.

7. An image sensor device according to claim 4, wherein
the second slit has a width in the range of 0.05 to 0.5 mm.

8. An image sensor device according to claim 3, wherein
the second conductor layer includes a second circuit portion,
the second circuit portion and the circuit portion of the
conductor layer being electrically interconnected by a
through hole.

9. An image sensor device according to claim 3, wherein
a sum total of the thicknesses of the light-transmitting
substrate, the conductor layer, the light-interrupting layer,
the second conductor layer, and the transparent electrically
conductive iayer is 200 um or less.

10. An image sensor device according to claim 3, wherein
the second conductor layer has a thickness of 30 um or less.

11. An image sensor device according 1o claim 3, wherein
the second conductor layer 1s composed of an electncally

conductive material having a sheet resistance of 10°Q/1] or
less, the electnically conductive matenial having a color
capable of interrupting light.

12. An image sensor device according to claim 3, wherein
a distance between a light-transmitting substrate array of the
image sensor chip and a face of the image sensor device
which comes in contact with an onginal 1s 150 um or less.

13. An image sensor device according to claim 2, wherein
the first slit has a width in the range of 0.1 to 0.6 mm.

14. An image sensor device according to claim 1 further
comprising a transparent protection layer formed on the
upper surface of the light-transmitting substrate, the trans-
parent protection layer covering the image sensor chip.

15. An image sensor device according to claim 14,
wherein the transparent proiection layer is an insulating
resin layer having a height of 5 mm or less, a refractive index
of 1.8 orless, and a pencil hardness in the range of 2H to 8H.
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16. An image sensor device according to claim 1, wherein
the image sensor chip includes eiectrodes each having a
etal bump formed thereon.

17. An image sensor device according to claim 16,
wherein the metal bumps are made of Au.

18. An image sensor device according to claim 16,
wherein the metal bumps are made of solder.

19. An image sensor device according to claim 1, wherein
a plated metal layer made of solder is formed on the
conductor layer formed on the upper surface of the light-
transmitting substrate.

20. An image sensor device according to claim 1, wherein
the transparent electrically conductive layer has a thickness
of 30 um or less.

21. Animage sensor device according to claim 1, wherein
the light-interrupting layer has a thickness of 30 um or less.

22. A direct-contact type image sensor device comprising:

a light-transmitting substrate having an upper surface and
a lower surface;

a patterned conductor layer formed on the upper surface
of the light-transmitting substrate;

a transparent electrically conductive layer formed on the
lower surface of the light-transmitting substrate; and

an 1mage sensor chap mounted face-down on the upper
surface of the light-transmitting substrate, with an
insulating resin layer being interposed between the
image sensor chip and the upper surface of the light-
transmitting substrate, the 1mage sensor chip being
mounted by a flip-chip-bonding method,

wherein the patterned conductor layer includes a circuit
portion electrically connected to the image sensor chip
and a light-interrupting portion for interrupting a por-
tion of a light beam, the light beam being radiated on
an original through the light-transmitting substrate by a
light source disposed above the light-transmitting sub-
strate,

the image sensor chip and the light-interrupting portion

serving as an optical throttle for the light beam.

23. An image sensor device according to claim 22,
wherein a region where the light-interrupting portion of the
conductor layer 1s formed is shifted from, along the upper
surface of the light-transmitting substrate, a region directly
under the image sensor chip, thereby forming a first slit for
transmitting a portion of the light beam.

24. An image sensor device according to claim 23 further
comprising a patterned second conductor layer between the
lower surface of the light-transmitting substrate and the
transparent electrically conductive layer, the second conduc-
tor layer having a second light-interrupting portion for

1nterrupting a portion of the light beam.

25. An image sensor device according to claim 24,
wherein the second light-interrupting portion of the second
conductor layer 1s electrically connected to potential source
having a predetermined potential.

26. An image sensor device according to claim 24,
wherein the second conductor layer includes a second circuit
portion, the second circuit portion and the circuit portion of
the conductor layer being electrically interconnected by a
through hole.

27. An image sensor device according to claim 24,

wherein a plated metal layer made of solder 1s formed on the
seccond conductor layer.

28. An image sensor device according to claim 24,
wherein a sum totai of the thicknesses of the hight-transmit-
ting substrate, the patterned conductor layer, the second




3,477,047

19

patterned conductor layer, and the transparent electrically
conductive layer is 200 um or less.

29. An image sensor device according to claim 24,
wherein a distance between a light-transmitting substrate
array of the image sensor chip and a face of the image sensor
device which comes in contact with an original is 150 um or
less.

30. An image sensor device according to claim 23,
wherein a region where the second light-interrupting portion
of the second conductor layer is formed is shifted from,
along the lower surface of the light-transmitting substrate, a
region directly under the image sensor chip, thereby forming
a second slit for transmitting a portion of the light beam.

31. An image sensor device according to claim 30,
wherein the predetermined potential is that of the ground
level.

32. An image sensor device according to claim 30,
wherein the second slit has a width in the range of 0.05 to
0.5 mm.

33. An image sensor device according to claim 23,

wherein the first slit has a width in the range of 0.1 to 0.7
mm.
34. An image sensor device according to claim 22 further
comprising a transparent protection layer formed on the
upper surface of the light-transmitting substrate, the trans-
parent protection layer covering the image sensor chip.

35. An image sensor device according to claim 22,
wherein a reinforcement plate is provided on the upper
surface of the light-transmitting substrate.

36. An image sensor device according to claim 35,
wherein the reinforcement plate has an opening, the image
sensor chip and the first slit being provided in the opening.

37. An image sensor device according to claim 36,
wherein a transparent protection layer for covering the
image sensor chip is provided in the opening of the rein-
torcement plate.

38. An image sensor device according to claim 37,
wherein the transparent protection layer is an insulating
resin layer having a height of 2 mm or less, refractive index
of 1.8 or less, and a pencil hardness in the range of 2H to 8H.

39. An image sensor device according to claim 35,
wherein the reinforcement plate is a printed wiring board
made of glass epoxy having a thickness of 50 pm or more
having electrodes for a driving circuit.

40. An image sensor device according to claim 39,
wherein the electrodes of the printed wiring board and the
conductor layer formed on the upper surface of the light-
transmitting substrate are electrically interconnected with
solder,

41. An image sensor device according to claim 35,
wherein the reinforcement plate is a substrate made of glass
or plastic having a thickness of 50 um or more, the substrate
having a color capable of interrupting light.

42. An image sensor device according to claim 22,
wherein the image sensor chip includes electrodes each
having a metal bump formed thereon.

43. An image sensor device according to claim 42,
wherein the metal bumps are made of Au.

44. An image sensor device according to claim 43,
wherein the metal bumps are made of solder.

45. An image sensor device according to claim 29,
wherein a plated metal layer made of solder is formed on the
conductor layer formed on the upper surface of the light-
transmitting substrate.

46. An image sensor device according to claim 22,
wherein the transparent electrically conductive layer has
thickness of 30 um or less.
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47. An image sensor device according to claim 22,
wherein the conductor layer formed on the upper surface of
the light-transmitting substrate has a thickness of 30 pm or
less.

48. An image sensor device according to claim 22,
wherein the second conductor layer has a thickness of 30 um
or less.

49. An image sensor unit comprising:

a direct-contact type image sensor device including a
light-transmitting substrate having an upper surface
and a lower surface, a patterned conductor layer formed
on the upper surface of the light-transmitting substrate,
a transparent electrically conductive layer formed on
the lower surface of the light-transmitting substrate,
and an image sensor chip mounted face-down on the
upper surface of the light-transmitting substrate, with
an 1nsulating resin layer being interposed between the
image sensor chip and the upper surface of the light-
transmitting substrate, the image sensor chip being
mounted by a flip-chip-bonding method; and

a light source for irradiating an original through and from
above the light-transmitting substrate,

wherein the patterned conductor layer includes a circuit
portion electrically connected to the image sensor chip
and a light-interrupting portion for interrupting a por-
tion of a light beam radiated by the light source,

the 1image sensor chip and the light-interrupting portion

serving as an optical throttle for the light beam.

50. An image sensor unit according to claim 49, therein a
region where the light-interrupting portion of the conductor
layer 1s formed is shifted from, along the upper surface of the
light-transmitting substrate, a region directly under the
image sensor chip, thereby forming a first slit for transmit-
ting a portion of the light beam, and the light source is so
disposed that the light beam emitted thereby is incident to
the first slit at an incident angle in the range of

51. An image sensor unit according to claim 50 further
comprising a patterned second conductor layer between the
lower surface of the light-transmitting substrate and the
transparent electrically conductive layer, the second conduc-
tor layer having a second light-interrupting portion for
interrupting a portion of the light beam.

52. An image sensor unit according to claim 51, wherein
a region where the second light-interrupting portion of the
second conductor layer is formed is shifted from, along the
lower surface of the light-transmitting substrate, a region
directly under the image sensor chip, thereby forming a
second slit for transmitting a portion of the light beam.

53. An image sensor unit according to claim 52, wherein
the second light-interrupting portion of the second conductor
layer 1s electrically connected to the ground level.

54. An image sensor unit according to claim 52, wherein
the second conductor layer includes a second circuit portion,
the second circuit portion and the circuit portion of the
conductor layer being electrically interconnected by a
through hole.

33. An image sensor unit according to claim 52, wherein
the second slit has a width in the range of 0.05 to 0.5 mm.

56. An image sensor unit according to claim 51, wherein
a plated metal layer made of solder is formed on the second
conductor layer.

S7. An image sensor unit according to claim 50, wherein
the first slit has a width in the range of 0.1 to 0.7 mm.

58. An image sensor unit according to claim 49 further
comprising a transparent protection layer for covering the
image sensor chip formed on the upper surface of the
light-transmitting substrate.
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59. An image sensor unit according to claim 49, wherein
a reinforcement plate 1s provided on the upper surtace of the
light-transmitting substrate.

60. An image sensor unit according to claim 59, therein
the reinforcement plate has an opening, the image sensor
chip and the first slit being provided in the opening.

61. An image sensor unit according to claim 60, wherein
a transparent protection layer for covering the image sensor
chip 1s provided in the opening of the reinforcement plate.

62. An image sensor unit according to claim 61, wherein
the transparent protection layer is an insulating resin layer
having a height of 2 mm or less, a refractive index of 1.8 or
less, and a pencil hardness in the range of 2H to 8H.

63. An image sensor unit according to claim 49, wherein
the image sensor chip includes electrodes cach having a
metal bump formed thereon.

64. An image sensor umt according to clai
the metal bumps are made of Au.

65. An image sensor unit according to claim 64, wherein
the metal bumps are made of solder.

66. An image sensor unit according to claim 49, wherein
a plated metal layer made of solder i1s formed on the

63, wherein

10

15

20 which comes in contact with an original 1s 50

22

conductor layer formed on the upper surface of the light-
transmitting subsirate.

67. An image sensor unit according to claim 49, wherein
the transparent electrically conductive layer has a thickness
of 30 or less.

68. An image sensor unit according to claim 49, wherein
the conductor layer formed on the upper surface of the
light-transmitting substrate has a thickness of 30 pm or less.

69. An image sensor unit according to claim 49, wherein
the second conductor layer has a thickness of 30 pm or less.

70. An image sensor unit according to claim 49, wherein
a sum total of the thicknesses of the light-transmitting
substrate, the patterned conductor layer, the second pat-
termed conductor layer, and the transparent electrically con-
ducting layer 1s 200 um or less.

71. An 1mage sensor unit according to claim 49, wherein
a distance between a light-transmitting substrate array of the
image sensor chip and a face of the image sensor device
or less.
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